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FIELD OF THE INVENTION 
This invention is concerned with an aqueous/t-butanoi solvent-system, 
facile-reconstitute, submicron-reconstitute preliposome-lyophilate. In one 
embodiment, the preliposomal lyophilate, upon reconstitution into liposomes 
in the presence of aqueous solution, provides liposomes of submicron size 
(diameter) distribution. In particular embodiments, size distribution is below 
about 400 nm, and in a further embodiment, between 400 nm yet above 
200 nm, and further including from about 300 nm to about 400 nm diameter 
liposomes, and in some instances in the 200-1 50nm range. 

BACKGROUND OF THE INVENTION 
A barrier to the successful commercialization of liposomes has been 
the absence of adequate control over the methods for manufacturing 
liposomes in large quantities. For regulatory and therapeutic concerns, 
reproducible products are a necessity. There are numerous published 
methods for liposome production. Two significant technical concerns 
govern the commercial usefulness of production methods: content 
uniformity, and sterility. Hitherto, those production methods that produced 
liposomes of acceptable content uniformity and sterility had the ancillary 
problem of size regulation. Previous to the present invention, formulations of 
preliposome-lyophilate, upon reconstitution, were distributed over a range of 
diameters larger than 1 micron. This has proven less than ideal for particular 
therapeutic applications, particularly as to applications benefited from 
avoidance of the RES. 

The use of less than 4% surfactant has been reported (22) to yield 
stable liposomal preparations. However, the reported procedure required 
evaporation of toxic organic solvents to prepare a lipid film. Formation of 
submicron liposomal preparations from such system required sonication. This 
procedure results in retained organic solvents at levels unsuitable for clinical 
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formulations. Further reconstitution of a thin film presents a material not 
suitable as a precursor for liposomal preparation due to the substantial 
difficulty in reconstitution. 

Japanese Patent Application No. 91-177731 (Pub. No. 6-183953) 
(25) discusses a preparation of micelles and what are described as "small 
vesicles" obtained by treating mixture of phospholipid and nonionic 
polyoxyethylene surfactant with ultrasonic waves in aqueous solution. The 
described procedure entails 5% or more of surfactant. No lyophilization of 
this material was reported. 

Japanese Patent Application No. 93-13786 (Pub. No. 6-227966) (26) 
discusses a thermosensitive liposome preparation for releasing anticancer 
drug comprising up to 30% nonionic surfactant and phospholipid. This 
preparation was not disclosed to be lyophilized. 

The original liposome preparation of Bangham, et al. ( J. Mol. Biol ., 
1965, 12:238-252) involves dissolving phospholipids in an organic solvent 
which is then evaporated to dryness leaving a phospholipid film on the 
reaction vessel. Next, an appropriate amount of aqueous phase is added, the 
mixture is allowed to "swell," and the resulting liposomes which consist of 
multilamellar vesicles (MLVs) are dispersed by mechanical means. This 
technique provides the basis for the development of the small sonicated 
unilamellar vesicles described by Paphadjopoulos et al. ( Biochim. B iophys. 
Acta ., 1968, 135:624-638), and large unilamellar vesicles. 

Unilamellar vesicles are produced using an extrusion apparatus by a 
method described in Cullis et al., PCT Application No, WO 87/00238, 
published January 16, 1986, entitled "Extrusion Technique for Producing 
Unilamellar Vesicles" incorporated herein by reference. Vesicles made by 
this technique, called LUVETS, are extruded under pressure through a 
membrane filter. 



Another class of liposomes are those characterized as having 
substantially equal lamellar solute distribution. This class of liposomes is 
denominated as stable plurilamellar vesicles (SPLV) as defined in U.S. Patent 
No. 4,522,803 to Lenk ; et ai., monophasic vesicles as described in U.S. 
Patent No. 4,558,579 to Fountain, et aL and frozen and thawed multilamellar 
vesicles (FATMLV) wherein the vesicles are e cposed to at least one freeze 
and thaw cycle; this procedure is described in Bally et al., PCT Publication 
No. 87/00043, January 15, 1987, entitled "Multilamellar Liposomes Having 
Improved Trapping Efficiencies," each of which are incorporated herein by 
reference. Honda et al. Japanese Patent Pub. No. 60-155109 describes 
hydrogenated liposomes requiring 5% fatty acid. 

Anthracycline antibiotics, namely doxorubicin (Dox), daunorubicin and 
idarubicin, are among the most effective and widely used anticancer agents. 
However, their use is limited by acute side effects, mainly acute 
myelosuppression and chronic cardiotoxicity and natural or acquired drug 
resistance (1, 2). Liposomes have been extensively studied by different 
investigators as carriers of this class of compounds. Liposome incorporation 
has been shown to reduce the cardiotoxicity of Dox in animals (3) and its 
gastrointestinal side effects and vesicant activity in humans (4). 
Tumor-targeted formulations of liposomal-Dox are now being evaluated in 
humans (5). Other interesting studies have shown that multidrug resistance 
(MDR), a common mechanism of acquired resistance to anthracyclines and 
other drugs, may be overcome in vitro and in vivo in bone marrow cells by 
using Dox encapsulated in liposomes containing certain lipids such as 
cardiolipin or phosphatidylserine (6,7). 

The development of pharmaceutical formulations of liposomal-Dox has 
encountered a great number of technical problems due to the tendency of 
Dox to leak from the internal aqueous space of the lipid vesicles into the 
external aqueous milieu. The development of the remote loading 



technique, which basically consists of keeping the drug protonated inside 
the liposomes by creating an acidic pH, thus abrogating its ability to cross 
the liposome membrane, has resulted in formulations with optimal 
encapsulation efficiencies (8). Still, ail liposomal formulations of Dox 
currently in clinical trials consist of small unilamellar vesicles in suspension 
and, therefore, particle size stability due to aggregation of particles remains a 
potential problem. 

An alternative approach to enhance the therapeutic index of this class 
of compounds is the use of new and potentially less toxic and more active 
analogs. Although a great number of analogs have been synthesized and 
studied, most of these efforts took place before the phenomenon of MDR 
was described and well characterized. However, during the last few years, 
several sub-families of anthracyclines with non cross-resistance properties 
have been described (9, 10, 11). Because most of them are highly lipophilic 
and, therefore, not suitable for i.v. administration in water solutions, they 
require the development of a delivery system for their i.v. administration. 

There is a continuing need for improved anticancer drugs, and 
particularly for improved formulations for delivering anticancer agents to the 
appropriate sites in a patient's body, while minimizing undesirable side 
effects. 

SUMMARY OF THE INVENTION 
The present invention in one aspect, comprises an aqueous/t-butanol 
solvent-system, facile-reconstitute, submicron-reconstitute preliposome- 
lyophilate. The preliposome-lyophilate comprises a surfactant, which can be 
anionic, cationic or nonionic, and is preferably a Tween surfactant, with 
Tween 20 being most preferred. The surfactant preferably comprises from 
less than about 4 mole % to about 0.1 mole % of the lipid content of the 
submicron-reconstitute preliposome-lyophilate, and most preferably about 3 
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mole % to about 2 mole % of the lipid content of the submicron-reconstitute 
preliposome-lyophilate. We have found that the use of greater than about 
4% and particularly 5%or more surfactant will have a severe adverse effect 
on liposome integrity. When less than about 4% surfactant is used, the 
hydration time of the preliposome lyophiiizates is reduced to about 1 minute 
or less, drug crystallization and formation of liposome particle aggregates are 
prevented or substantially reduced, and the liposome size is reduced to about 
400 nm or less, as compared to liposomes containing no surfactant. The 
"no surfactant" condition results in liposomes in the 1 to 2 micron range. 
With the present invention, mere hand shaking a vial will result in formation 
of liposomes of less than about 1/;m. and particularly less than about 
400nm / and particularly in the 200 to 150 nm range. 

In another embodiment, the present invention relates to a method of 
preparing submicron liposomes from lyophilate, comprising introducing 
surfactant into liquid to be lyophilized prior to said lyophilization. The 
surfactant can suitably be as described above. 

In another aspect, the present invention relates to a method of 
restricting, to submicron size, liposomes formed by reconstitution of material 
comprising lipid forming agent, the method comprising introducing a 
surfactant into said material prior to, or at the time of, reconstitution. 

In another embodiment, the present invention concerns a sterically 
antigenicity-hindered liposome, which comprises a steric-hindering agent, 
such as, for example, a nonionic surfactant. 

In another embodiment, the present invention relates to liposomal 
formulations of anthracycline compounds. We have extensively explored the 
use of liposome carriers for the delivery of lipophilic and non cross-resistant 
anthracyclines. The objectives of our approach were to select compounds 
with a natural affinity for liposome membranes (therefore, easy to 
incorporate within the lipid membranes of a wide variety of liposomes) and 



use liposomes with optimal pharmacological properties (enhanced tumor 
targeting) as carriers for their i.v. administration (1 2). As a result of these 
efforts, Annamycin was selected as the leading compound with these 
characteristics. We have previously reported that liposomal Annamycin is 
not cross-resistant with Dox in vitro and in vivo and is less cardiotoxic 



Lyophilization of preformed liposomes or of the liposome constituents 
followed on the day of use by reconstitution with an aqueous solution to 
obtain the liposome suspension has been successfully explored by us and 
others in the past (15, 16). Potential problems with formulations using 
preliposomal lyophilized powders are basically related to difficulties 
encountered with the reconstitution step to obtain a reproducible liposomal 
suspension. In this patent, we describe a modified lyophilization method for 
the preparation of a highly stable, easy to reconstitute, submicron liposome 
suspension of the lipophilic anthracycltne Annamycin and we report on the 
crucial role played by a small amount of the surfactant Tween 20 in 
improving the characteristics of the formulation. 

The present invention in one aspect concerns a pharmaceutical 
composition, comprising an anthracycline compound having the formula 
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encapsulated in a liposome. One of X and X' is hydrogen and the other is 
halogen; one of Y and Y" is hydrogen and the other is selected from the 
group consisting of hydrogen, hydroxy, and -OCOR; and one of Z and Z' is 
hydrogen and the other is selected from the group consisting of hydrogen, 
hydroxy, and -OCOR. R is alkyl having approximately 1-6 carbon atoms. 
The liposome comprises at least one lipid and a nonionic surfactant, and the 
weight ratio of the anthracycline compound to the nonionic surfactant is 
between approximately 0.3:1 and approximately 3:1. 

"Encapsulate," "entrap," and "incorporate" are used in this patent to 
mean enclosed within a lipid vesicle or otherwise contained somewhere 
within the walls of a liposome. 

In a preferred embodiment of the invention, the anthracycline 
compound is Annamycin. The surfactant preferably comprises a 
polyoxyethylene sorbitan carboxylate, with the carboxylate portion of the 
surfactant molecule having between approximately 2 and approximately 25 
carbon atoms. Examples of suitable carboxylate moieties are monopalmitate, 
monostearate, tristearate, monooleate, and trioleate. A particularly preferred 
surfactant comprises a polyoxyethylene sorbitan monolaurate, such as the 
commercially available surfactant Tween 20. In that embodiment of the 
invention, the weight ratio of the anthracycline compound to the nonionic 
surfactant is preferably approximately 1:1.7, the liposome preferably 
comprises the lipids dimyristoyl phosphatidyl choline and dimyristoyl 
phosphatidyl glycerol in a molar ratio of approximately 7:3, and the weight 
ratio of the anthracycline compound to lipid is between approximately 1 :40 
and approximately 1:100, most preferably about 1:50. 

In another aspect, the present invention relates to a preliposome 
lyophilized powder composition which comprises an anthracycline compound 
as described above, preferably Annamycin, at least one lipid suitable for 
forming a liposome when hydrated, and a nonionic surfactant as described 
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above This powder composition can be reconstituted into an aqueous 
liposome composition through hydration, as described in more detail below. 

In another aspect, the present invention relates to a method of 
preparing a preliposome lyophilized powder composition, comprising the 
steps of 

(a) preparing a first solution consisting essentially of an anthracycline 
compound as described above and dimethyl sulfoxide; 

(b) preparing a second solution comprising at least one lipid, t-butyl 
alcohol, and water; 

(c) preparing a third solution by combining the first solution and the 
second solution in the proportions needed to provide the desired ratio 
of lipid to anthracycline compound in the final composition; 

(d) adding to the third solution a nonionic surfactant in an amount that 
provides a ratio of anthracycline compound to surfactant in the final 
composition of between approximately 0.3:1 and approximately 3:1; 

(e) sterilizing the solution by filtration; and 

(f) freezing and lyophilizing the solution. 

In another aspect, the present invention relates to a method of 
inhibiting the growth of tumor cells in a mammal. The method comprises 
administering to a mammal an effective amount of a liposome composition as 
described above. 

The present invention has a number of advantages over prior 
compositions and methods. One important advantage is the reduced size of 
the liposomes that result from the present invention. The majority of the 
liposomes are preferably less than 1 /vm in diameter, with the diameter in 
some embodiments being no greater than 0.2 /ym. This small liposome size 
is an advantage because smaller liposomes are more likely to remain in 
circulation in vivo for prolonged periods of time, thus increasing the chance 
that they will reach tumor tissue. Without being bond by any particular 
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theory, it is believed that the 200nm to 400nm diameter liposomes and 
further 200-1 50nm diameter liposomes avoid "capture" by the RES. 

The compositions of the present invention is useful for treatment of 
certain human malignancies, such as breast cancer, leukemia, sarcomas, 
colon cancer, and lung cancer. In particular, such uses are facilitated when a 
bioactive agent is incorporated into the resulting liposomes. In particular 
instances, incorporation may be at any point, (i.e., prelyophilization, post 
lyophilization, post hydration). 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 . Chemical structure of Annamycin. 

Figure 2. Effect of lipid:Annamycin weight ratio on the time of 
appearance of free Annamycin crystals and the median liposome size in the 
absence of surfactant. 

Figure 3. Effect of the presence of Tween 20 (dark symbols) and 
Tween 80 (open symbols) on the number of free Annamycin crystals (a,*) 
and the median liposome size (o,#) 6 hours after reconstitution of the 
preliposome powder (lipid:Annamycin weight ratio 50:1). 

Figure 4. Effect of lipid:Annamycin weight ratio on the time of 
appearance of free Annamycin crystals in the presence of optimal amounts of 
surfactant. 

Figure 5. Chemical stability of Annamycin in the preliposome 
lyophilized powder stored at room temperature (26 ± 1 °C) and regular light 
(60-100 foot candle light). 



Figure 6. Chemical stability of Annamycin in the liposome Annamycin 
suspension stored at room temperature (26 ± 1 °C) and regular light 
(60-100 foot candle light). 



DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 
This invention will be better understood with resort to the following 
definitions. 

"Aqueous/t-butanol solvent-system" in referring to a prelipospmal 
lyophilate shall mean that preparation has been by "aqueous and t-butanol 
only'' means and that there is substantially no trace of organic solvent other 
than t-butanol and that t-butanol is present at less than about 0.01 % and 
preferably less than about 0.003% in the preliposomal lyophilate. In 
particular, aqueous/t-butanol solvent-system includes absence of halogenated, 
solvent. It is to be understood that organic solvent or halogen present as a 
concomitant of a drug associated with or encapsulated in the preliposomal 
powder of this invention is not included within this calculation. 

"Facile-reconstitute" in referring to a preliposomal lyophilate, shall 
mean full reconstitution with hand-shaking in about 1 minute, to obtain 
liposomes of about 400nm or less, with a particular concentration in the 200 
to 400 nm range and/or the 200-1 50 nm range. A particular characteristic 
of such powder is its fluffy consistency of unique tertiary structure. 

"Submicron-reconstitute," in referring to a preliposomal lyophilate, 
shall mean liposomes of submicron size (diameter) distribution that are 
formed upon reconstitution into liposomes in the presence of aqueous 
solution. In particular embodiments, size distribution is below about 400 nm, 
and in a further embodiment, below about 300 nm, and further including 
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from about 300 nm to about 200 nm diameter liposomes, and further 
liposomes of about 200 to about 1 50nm diameter. 

Size distribution, which refers to median diameter unless otherwise 
stated, is presented here as determined by QUELS methodology using the 
Nicomp™ program. In addition, size distribution of particular examples in the 
200-1 50 nm range have been confirmed by freeze fracture electron 
microscopy. 

"Preliposome-lyophilate" shall mean a non-aqueous material that will 
form liposomes upon addition of aqueous solution. In some embodiments 
the non-aqueous material is dry (as in non-liquid, non-gel) material. 
Lyophilate is used expansively to include the dry residue of sublimation of 
frozen liquids from non-volatile materials, the residue of rotoevaporation and 
similar procedures, and dry compositions that, upon addition of an aqueous 
phase (with or without agitation) with result in liposomes. It is particularly to 
be understood that ''preliposome-lyophilate" is not in liposomal form at the 
time of lyophilization. 

"Liposomes" shall mean generally spherical structures comprising 
lipids, fatty acids, lipid bilayer type structures, unilamellar vesicles and 
amorphous lipid vesicles. Classically, liposomes are completely closed lipid 
bilayer membranes containing an entrapped aqueous volume. Liposomes 
may be unilamellar vesicles (possessing a single bilayer membrane) or 
multilamellar vesicles (onion-like structures characterized by multiple 
membrane bilayers, each separated from the next by an aqueous layer). The 
bilayer is composed of two lipid monolayers having a hydrophobic "tail" 
region and a hydrophilic "head" region. The structure of the membrane 
bilayer is such that the hydrophobic (nonpolar) "tails" of the lipid monolayers 
orient toward the center of the bilayer while the hydrophilic "head" orient 
towards the aqueous phase. 
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"Tween™" refers to a commercially available nonionic surfactant (ICI 
Americas Inc.) consisting of a mixture of different length chains of 
polyoxyethylene linked to a common sorbitan sugar. These poiyoxyethylene 
sugars are also linked to a fatty acid. In the case of Tween™ 20, the 
composition is polyoxyethylene sorbitan monolaurate (MW approximately 
1300). Tween™ 80, is polyoxyethylene sorbitan monooleate (MW 
approximately 1350). As Tween™ 20 is shown below, w + x + y + z = 20. 



Other surfactants include Tween, Span, Pluronic and Brij (Sigma Chemical, 
St. Louis, MO). 

"Sterically antigenicity-hindered" shall mean at least 75% of the 
liposomal surface is occluded. Occluded means that at least 90% of the 
occluded space prevents particles of less than 0.05 //m from penetrating the 
occluded space. In practice occlusion prevents a contact dependent 
biological reaction (such as agglutination) when challenged. In particular 
embodiments of this invention, aqueous/t-butanol solvent-system, facile 
reconstitute, submicron-reconstitute preliposome-lyophilate reconstitutes into 
sterically antigenicity-hindered liposomes. 

A "steric-hindering agent" is a moiety present about the exposed lipid 
layer of a liposome. Such agent is typically intercalated into an exposed lipid 
bilayer, but may also be applied to an exposed lipid surface by covalent 
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linkages, van der Waals forces or hydrogen bonds. Tween surfactants, 
particularly Tween 20, are examples of such a moiety. Without being bound 
by any particular theory, it is believed that the fatty acid chain of Tween 20 
intercalates into an exposed lipid bilayer, with the sorbitan and 
polyoxyethylenes external to the liposome. 

"Bioactive agents" is used as a broad term to encompass 
pharmacoactive agents such as antifungals, antineoplastics, antibiotics, 
adjuvants, or vaccines; contrast agents such as diazo compounds; biological 
markers or diagnostic substances such as labeled antigens; and drug 
targeting carrier agents such as galactose-albumin, and the like. Bioactive 
agents further may include genetic fragments. Annamycin is a bioactive 
agent. 

Annamycin containing submicron-reconstitute preliposome-lyophilate 
can be prepared by adding 17mg of Tween 20 to 500 mg of lipid and 10 mg 
Annamycin. The lipid component can be, for example, dimyristoyl 
phosphatidyl choline (DMPC) and dimyristoyl phosphatidyl glycerol (DMPG) at 
a ratio of 7:3 molar. This ratio calculates to a mole percent of approximately 
3%; that is of every 100 molecules, 97 are of lipid, there are 3 of Tween 20. 

The compositions and methods of this invention possess (or enable) 
valuable pharmacological properties. They provide for the increased 
production of sterile uniform liposomes of smaller diameter in the field of 
parenteral, and particularly intravenous, administration. This effect can be 
demonstrated, for example, using the method described herein to provide 
formulations that will not occlude capillaries of the circulatory system of 
higher mammals. 

Thus, these compositions and methods can be used in antibiotic and 
antineoplastic therapy, such as encountered in treatment of bacterial 
infections or cancer. The compositions are particularly useful for preparing 
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reconstitutable formulations for preparation in an hospital pharmacy just prior 
to administration. 

The compositions of this invention are generally administered to 
animals, including but not limited to mammals, including humans. The 
pharmacologically active compositions of this invention can be processed in 
accordance with conventional methods of Galenic pharmacy to produce 
medicinal agents for administration to patients, e.g. mammals including 
humans. 

The compositions of this invention can be employed in admixture with 
conventional excipients, i.e., pharmaceutical acceptable organic or inorganic 
carrier substances suitable for parenteral, enteral (e.g., oral or inhalation) or 
topical application which do not deleteriously react with the active 
compositions. Suitable pharmaceutical^ acceptable carriers include but are 
not limited to water, salt solutions, alcohols, gum arabic, vegetable oils, 
benzyl alcohols, polyethylene glycols, gelatin, carbohydrates such as lactose, 
amylose or starch, magnesium stearate, talc, silicic acid, viscous paraffin, 
perfume oil, fatty acid esters, hydroxy methylcellulose, polyvinyl pyrrolidone, 
etc. The pharmaceutical preparations can be sterilized and if desired mixed 
with auxiliary agents, e.g., lubricants, preservatives, stabilizers, wetting 
agents, emulsifiers, salts for influencing osmotic pressure buffers, coloring, 
flavoring and/or aromatic substances and the like which do not deleteriously 
react with the active compositions. They can also be combined where 
desired with other active agents, e.g., vitamins. 

For parenteral application, particularly suitable are injectable, sterile, 
aqueous solutions. Ampoules are convenient unit dosages. For topical 
application, there are employed as nonsprayable forms, viscous to semi-solid 
or solid forms comprising a carrier compatible with topical application and 
having a dynamic viscosity preferably greater than water. Suitable 
formulations include but are not limited to solutions, suspensions, emulsions, 

14 



creams, ointments, powders, liniments, salves, etc., which are, if desired, 
sterilized or mixed with auxiliary agents, e.g., preservatives, stabilizers, 
wetting agents, buffers or salts for influencing osmotic pressure, etc. For 
topical application, also suitable are sprayable aerosol preparations wherein 
the active ingredient, preferably in combination with a solid or liquid inert 
carrier material, is packaged in a squeeze bottle or in admixture with a 
pressurized volatile, normally gaseous propellant, e.g., a freon. 

It will be appreciated that the actual preferred amounts of active 
compositions in a specific case will vary according to the specific 
compositions being utilized, the particular compositions formulated, the mode 
of application, and the particular situs and organism being treated. Dosages 
for a given host can be determined using conventional considerations, e,g., 
by customary comparison of the differential activities of the subject 
compositions and of a known agent, e.g., by means of an appropriate, 
conventional pharmacological protocol. 

In general, this invention can be successfully practiced wherein the 
surfactant does not exceed about 4% (w/w) of the final lyophilate powder, 
excluding drug weight. 

Exam ple 1 
I. MATERIALS AND METHODS 
A. Materials 

Dimyristoyl phosphatidylcholine (DMPC) and 
1 ,2-dimyristoyl-sn-glycero-3- [phosphor-rac-(1 glycerol}] (DMPG) were 
obtained as a dry powder from Nippon Fine Chemicals, Inc., Osaka, Japan. 

Annamycin <>95% pure) (MW = 640.39) (Figure 1) was synthesized 
as previously described with slight modifications (17). 
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Tween 20, DMSO, chloroform and t-butyl alcohol were obtained from 
Aldrich Chemical Company, Inc., Milwaukee, Wl. Normal saline was 
obtained from Abbott Laboratories, North Chicago, IL. 

B. Liposome Preparation 

The lipid composition was in all cases DMPC:DMPG at a 7:3 molar 
ratio. Other ratios were also explored but did not result in any significant 
advantage. Therefore, only results with the 7:3 molar ratio are presented. 
Different total lipid to drug weight ratios ranging from 10:1 to 100:1 were 
tested. 

The lyophilization method used was adapted from that used by us for 
other compounds with modifications (15). Briefly, a preliposomal powder is 
initially prepared by freeze-drying a solution in t-butyl alcohol of the different 
ingredients and the liposome suspension is obtained by controlled hydration . 
of the preliposomal powder on the day of use. The procedure involves the 
following 
general steps: 

1 . Preparation of preliposomal lyophilized powder. 

a. Solution 1: Annamycin in DMSO (100 mg/ml). 

b. Solution 2: DMPC and DMPG (molar ratio 7:3) in 
90% t-butyl alcohol and 10% water (final concentration 81.3 mg 
lipid/ml). 

c. Solution 3: Solution 1 and 2 in the proportion 
needed to achieve the desired lipid:drug ratio. 

d. Solution 4: Adding a certain amount of surfactant 
to Solution 3. 

e. Filtration of solution 4 through a 0.22 fjm pore 
filter of regenerated cellulose (Micro Filtration Systems) for 
sterilization. 
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f. Aliquots of solution 4 containing 10 mg Annamycin 
placed in 25 ml lyophilization vials. Vials content frozen over dry ice in 
acetone. 

g. Lyophilization for 48 hours to remove all DMSO 
and t-butyl alcohol. 

2. Preparation of liposomal Annamycin suspension. 
On the day of use, the preliposomal powder is reconstituted by adding 
saline prewarmed at 37°C (1 ml of saline per mg Annamycin) to the 
lyophilized vial and hand-shaking until all lyophilized material goes into 
suspension. 

C. Liposome Characterization 

1 . Entrapment efficiency 

The entrapment efficiency (%EE) was determined by the differential 
density centrifugation method previously described (18). Annamycin leakage 
or dissociation from the liposomes was assessed by sequential determination 
of the entrapment efficiency over time. % Drug Leakage at x hours = %EE 
at time 0 - %EE at x hours. 

2. Size 

The median liposome size and size distribution were measured in a 
Nicomp Submicron Particle Sizer (Model 370; Nicomp Particle Sizing System, 
Santa Barbara, CA) by using the Gaussian method. 

3. Effect of surfactant 

The effect of nonionic surfactants (Tween 20 and Tween 80) 
(polyoxyethylene (20) sorbitan monolaurate and polyoxyethylene (20) 
sorbitan monooleate, respectively (available from ICI Americas Inc.)) on the 
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liposome size and Annamycin crystallization in the liposome suspension was 
assessed by fluorescence microscopy at different time points after 
reconstitution. All preliposome preparations were made using the same 
procedure but different lipidrdrug ratios or surfactant concentrations. The 
liposome suspension was stored at room temperature (25-26°C; 60-100 
candle foot regular light). Samples from the bottom and middle portions of 
the reconstituted vials were taken and analyzed at different time points by 
fluorescence microscopy and sizing. The whole slides were screened twice. 
The average crystal number/field was obtained from 6 randomly selected 
fields. 

4. Effect of lipidrdrug ratio 

Vials of preliposomal Annamycin preparations using different lipidrdrug 
ratios (with or without surfactant) were reconstituted. Drug crystallization 
was assessed every 10 min for 1 hour, every hour from 1 to 6 hours, and 
daily from day 1 to day 7 after reconstitution using fluorescence microscopy 
as described above. 

5. Chemical stability of Annamycin 

The chemical stability of Annamycin in the lyophilized powder or the 
liposome suspension was assessed by quantitating the amount of intact 
Annamycin remaining over time. The quantitation of Annamycin was 
performed by high performance liquid chromatography using fluorescence 
detector (excitation wavelength 485 nm, emission wavelength 532 nm) as 
previously described (19). 

6. Physical stability of the liposomes 

The physical stability of the liposomes was assessed by determining at 
different time-points after formation of the liposome suspension the % 
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Annamycin leakage, the changes in liposome size distribution and median 
size, and the de novo appearance of free Annamycin crystals or liposome 
aggregates as described above. 

II. RESULTS 

A. Effects of lipid:drug ratio and addition of surfactant on liposome 
characteristics 

No problems were encountered in obtaining clear solutions of the lipids 
and Annamycin in the DMSO, t-butyl alcohol, and water mixture described in 
Materials and Methods before the addition of surfactant and the freeze-drying 
step (Solution 3). 

The preliposome lyophilized powders obtained were homogeneously 
flaky and orange in physical appearance. The lipid:drug ratio or the addition 
of surfactant did not appear to change the physical appearance of the 
preliposome powders. 

The hydration/reconstitution step and the appearance of the liposome 
suspensions obtained from preliposome powders using lipidrdrug ratios of 
10:1 to 25:1 without surfactant presented some obvious problems. Even 
using saline warmed at 37°C, prolonged hand-shaking (up to 2 hours) was 
required to obtain a homogeneous suspension without gross aggregates. At 
the completion of the reconstitution step, typical multilamellar liposome 
suspensions without the presence of free drug crystals or liposome 
aggregates were observed on the microscope. However, within a period of 
minutes, the appearance of free Annamycin crystals was obvious and it 
became very significant by 6 hours after reconstitution. In an attempt to 
solve these limitations, we first explored the effect of the lipid:drug ratio on 
the appearance of free Annamycin crystals and the liposome size. Results 
are shown in Figure 2. The appearance of free Annamycin crystals was 
markedly delayed by increasing the lipid:drug weight ratio to above 25:1 . 
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However, the median liposome size was also increased (from about 1 .6 /ym 
at a ratio of 50:1 to about 6 fjm at a ratio of 100:1). Although no crystals 
were observed in preparations using a lipid:drug weight ratio of 100:1, the 
amount of lipid required to administer the projected therapeutic doses in 
humans and the median liposome size were deemed to be excessive and to 
constitute major shortcomings. As a result, a iipid:drug weight ratio of 50:1 
was selected for further formulation optimization studies. 

We subsequently studied the effect of the presence of the surfactants 
Tween 20 and Tween 80 on the liposome size distribution and formation of 
Annamycin crystals. Amounts of surfactant of 0.5 to 4.0 mg per mg of 
Annamycin were tested. The lipid:drug ratio was kept constant to 50:1 in 
these experiments. Results are shown in Figure 3. Both Tween 20 and 
Tween 80 completely prevented the formation of free Annamycin crystals at 
6 hours after reconstitution in a dose- dependent fashion. No free 
Annamycin crystals were observed in formulations containing ^ 1 .7 mg 
Tween 20 or ;> 3.0 mg Tween 80 per mg of Annamycin. Both surfactants 
reduced also the median liposome size in a dose-dependent fashion. This 
effect was comparable for both agents and amounts of either surfactant * 
3.0 mg per mg of Annamycin resulted in significant liposome destruction as 
shown by the appearance of a population of small (<50 nm) particles 
consistent with micelles. The presence of either surfactant was also found 
to shorten the time needed to reconstitute the preliposome lyophilized 
powder. The minimum amount of surfactant completely preventing drug 
crystallization without liposome disruption was 1.7 mg Tween 20 per mg of 
Annamycin. 

The effect of the lipid:drug ratio on Annamycin crystallization in 
formulations containing the optimal amount of surfactant was studied next. 
Results are shown in Figure 4. The lowest lipid:drug ratio delaying drug 
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crystallization for >48 hours was 50:1. Drug crystallization occurred within 
a few hours when a lipid:drug ratio of 30:1 was used. 

As a result of all these studies, the formulation containing 1 .7 mg 
Tween 20 per mg Annamycin and a lipid:drug ratio of 50:1 was selected for 
further characterization studies. The characteristics of this formulation are: 

1 . time of reconstitution of one minute 

2. no free Annamycin crystals at 24 hours 

3. median size of the liposome suspension: 0.15-0.2 //m 

4. no presence of micelles at 24 hours 

All characterization studies were performed in vials containing 10 mg 
Annamycin, 500 mg DMPC:DMPG at a 7:3 molar ratio, and 1 7 mg Tween 
20. 



B. Characterization of the selected liposomal Annamycin 
formulation 

1. Optic microscopy evaluation 
No crystals of free Annamycin or liposome aggregates were observed 
within 24 hours in all formulations containing Tween 20 (1.7 mg per mg of 
Annamycin; lipid:drug weight ratio 50:1). Table 1 shows the results 
obtained with 6 different batches containing Tween 20 and one control 
batch without Tween 20. Crystals of free Annamycin were clearly observed 
by fluorescence microscopy as well as sediment seen by direct inspection in 
the batch not containing Tween 20. None of the Tween 20-containing 
batches showed crystals or sediment at 24 hours and only one of them 
showed crystals at 48 hours. 
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Table t. Characteristics of Six Batches of Liposomal Annamycin 



Parameter 



Batch * (Tween 20) 



Control Batch 
No Tweert 20 



%EE 97.2 95.4 99.2 98.7 99.5 99.1 

Size(nm) 176-120 145-76 154 r67 140+87 125±39 182±85 

Annamycin Crystals and Sediment 



94.2 
1558-657 



Oh 
6 h 
24 h 
48 h 
96 h 
168h 



c/s 



c/s- 



c/s 
c/s 
c/s 
c/s 
c/s 



c = Annamycin crystals seen by optic or fluorescence microscopy; s = visible 
sediment; - = no Annamycin crystals nor sediment. 
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2. %EE 

The %EE in 6 different batches is shown in Table 1. It was >95% in 
all of them (mean 98.2%). 

3. Particle Size 

The median particle size and size distribution were determined in the 
same 6 batches and found to be very reproducible: 182, 154, 176, 140, 
145, and 154 nm, 

4. Stability Studies 

a. Chemical stability of Annamycin in the preliposome 
lyophilized powder 

Figure 5 shows the changes in Annamycin content over time (0 to 8 
weeks) in 4 different batches of lyophilized Annamycin kept at room 
temperature and exposed to 60-100 candle foot light. No significant 
reduction in Annamycin content was detected during this time frame in any 
of the batches tested. 

b. Chemical stability of Annamycin in the liposome 
suspension 

Figure 6 shows the changes in Annamycin content over time (0 to 168 
hours) in 6 different batches of liposomal Annamycin (3 samples per batch) 
kept at room temperature and exposed to 60-100 candle foot light. No 
significant reduction in Annamycin content was detected during this time 
frame in any of the batches tested. 
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c. Physical stability of liposomal Annamycin : drug 
leakage and changes in size distribution. 
Table 2 shows the changes in %EE and median size of three different 
batches of liposomal Annamycin kept at room temperature and 60-100 
candle foot light. Drug leakage ranged between 0.6 to 1 .8% during this 
period of time and the change in median size between 0.00 and 0.03 /im. 
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Table 2. Physical Stability of Three Batches of Liposomal Annamycin 



Batch No. Storage hours %EE Stze(nm) 



1 


0 


97.2x1.3 


140-87 




24 


95.4 x 1.4 


139-68 


2 


0 


98.5 ± 1.5 


167±73 




24 


97.7 ± 1.2 


168±62 


3 


0 


95.6x0.8 


142±38 




24 


95.0 ± 1.2 


141±31 



Reconstitution: warm normal saline (30°C), 10 ml/ vial, 1 min hand-shaking. 
Storage conditions: room temperature (26xl°C), light 60-100 c.f. 



25 



III. DISCUSSION 

The preceding description shows the effect of small amounts of the 
surfactant Tween 20 in markedly improving the characteristics of the 
liposome formulation of the lipophilic anthracycline antibiotic Annamycin. 
Annamycin was selected among more than 30 lipophilic anthracyclines 
because of its lack of cross-resistance properties, promising biological 
activity in different animal models, and easiness of formulation in liposomes 
as a result of its high affinity for lipid membranes (12,14). However, when 
the development of a lyophilized liposomal-Annamycin formulation amenable 
to large scale manufacturing was attempted, problems both in terms of 
length of the reconstitution step as well as early appearance of Annamycin 
crystals in the liposome suspension were encountered. The addition of a 
precise amount of Tween 20 and the use of a specific lipid:drug weight ratio . 
resulted in a complete resolution of these limitations. Furthermore, the 
presence of Tween 20 decreased by 6-9 fold the median size of the 
liposomes obtained. This is an advantage since smaller liposomes are not 
taken as avidly by the reticuloendothelial system and are, therefore, more 
likely to remain for prolonged periods of time in circulation, thus increasing 
their chance of crossing the endothelial barrier and reaching the tumor tissue. 

The findings reported here are new and potentially important since 
they could be applied to the development of liposome formulations of other 
lipophilic compounds. The amount and type of surfactant needed may, 
however, vary for each different drug. In the case of Annamycin, the 
amount and type of surfactant appear to be crucial since higher amounts of 
Tween 20 were found to disrupt the liposomes and lower amounts did not 
avoid completely drug crystallization, and in the case of the other surfactant 
tested, Tween 80, the amounts needed to completely prevent drug 
crystallization were found to cause significant liposome disruption. 
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The addition of Tween 80 has been previously reported to enhance the 
stability and entrapment efficiency of liposomes (20-22) but not to decrease 
the median size nor reduce the hydration time nor the crystallization of 
water-insoluble drugs entrapped in liposomes. The mechanisms by which 
the presence of optimal amounts of surfactant can enhance the hydration 
step, decrease free drug crystal formation, and reduce the size of the 
liposomes are unknown and open to speculation. The hydrocarbon tail of 
Tween 20 may be able to penetrate within the lipid bilayer, thus leaving the 
polyethylene oxide groups on the surface of the liposomes, which may 
decrease liposome fusion and the consequent lipid and Annamycin exchange 
upon collision of liposome particles, as previously suggested (22). This 
would prevent the association of Annamycin molecules and, consequently, 
the formation of free drug crystals. Alternatively, Tween 20 may just 
prevent the free association of Annamycin molecules when the aqueous 
solution is added to the lyophilized preliposome powder to form the 
liposomes, thus decreasing the chance of free drug crystal formation. The 
first mechanism appears more likely since no crystals were observed 
immediately after reconstitution in the absence of Tween 20, thus indicating 
that drug crystallization occurs after initial liposome formation. 

The liposomal Annamycin preparation described in this patent was 
used in clinical trial. Its cytotoxicity was tested in vitro against KB cells and 
compared with the preparation obtained using the evaporation method that 
we have previously reported (13). The cytotoxicity of both preparations was 
found to be equivalent. Subacute mouse toxicity studies have also been 
performed and show that the liposomal preparation obtained by the 
evaporation method is about twice as toxic as the one obtained from the 
preliposomal powder containing Tween 20 (LD 50 8 mg/kg vs. 16 mg/kg). 
This difference is probably due to the different size distribution of both 
preparations. 
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The presence of Tween 20 can induce allergic reactions in patients. 
Tween 80 is currently an ingredient in different parenteral formulations 
approved for clinical use in the U.S. (etoposide, multivitamins, etc.). Tween 
80 is also an ingredient of the current formulation of the new antitumor 
agent Taxotere (23) which is currently under intensive investigation with very 
promising results. The amount of Tween 80 needed to deliver a therapeutic 
dose of Taxotere has been calculated to be about 30-50 times higher than 
the amount of Tween 20 that will be administered with the projected 
therapeutic dose of liposomal Annamycin. Still, allergic reactions secondary 
to the presence of Tween 20 are a potential side effect of liposomal 
Annamycin and premedication to avoid them may be needed in the upcoming 
clinical trials. 
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* * * 

Liposomes in accordance with the present invention can be prepared 
from various amphipathic substances including natural or synthetic 
phospholipids. Numerous suitable phospholipids are well known in the art. 
The liposomes of the present invention can be multilamellar, unilamellar, or 
have an undefined lamellar construction. A pharmaceutical composition 
comprising such liposomes can include a pharmaceuticaliy acceptable carrier 
or diluent. In addition to the surfactants described above, other 
polyoxyethylene sorbitan carboxylate surfactants which might be used are 
available from iCI Americas Inc. 
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Liposome compositions of the present invention can be used in 
methods of inhibiting the growth of tumor cells in mammals, particularly in 
humans. The methods involve administering to a mammal an effective 
amount of the compositions. The administering step can suitably be 
parenteral and by intravenous, intraarterial, intramuscular, intralymphatic, 
intraperitoneal, subcutaneous, intrapleural, or intrathecal injection, or by 
topical application or oral dosage. Such administration is preferably repeated 
on a timed schedule until tumor regression or disappearance has been 
achieved, and may be used in conjunction with other forms of tumor therapy 
such as surgery or chemotherapy with different agents. The dose 
administered of a composition in accordance with the present invention is 
preferably between approximately 40 and 100 mg/m 2 with respect to the 
mammalian subject to which it is administered. 

* * * 

The preceding description of specific embodiments of the present 
invention is not intended to be a complete list of every possible embodiment 
of the invention. Persons skilled in this field will recognize that modifications 
can be made to the specific embodiments described here that would be 
within the scope of the present invention. 
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WE CLAIM: 

1 . A aqueous/t-butanol solvent-system, facile-reconstitute, 
submicron-reconstitute preliposome-lyophilate. 



2. The submicron-reconstitute preliposome-lyophilate of claim 1 
wherein said preliposome-lyophilate comprises a surfactant. 

3. The submicron-reconstitute preliposome-lyophilate of claim 2 
wherein said surfactant is anionic, cationic or nonionic. 

4. The submicron-reconstitute preliposome-lyophilate of claim 3 
wherein said surfactant is nonionic. 

5. The submicron-reconstitute preliposome-lyophilate of claim 4 
wherein said surfactant is a Tween surfactant. 

6. The submicron-reconstitute preliposome-lyophilate of claim 5 
wherein said surfactant is Tween 20. 

7. The submicron-reconstitute preliposome-lyophilate of claim 6 
wherein said surfactant comprises from about 4 mole % to about 2 mole % 
of the lipid content of the submicron-reconstitute preliposome-lyophilate. 

8. The submicron-reconstitute preliposome-lyophilate of claim 2 
wherein said surfactant comprises from about 4 mole % to about 0.1 mole 
% of the lipid content of the submicron-reconstitute preliposome-lyophilate. 

9. The submicron-reconstitute preliposome-lyophilate of claim 8 
wherein said surfactant comprises from about 4 mole % to about 2 mole % 
of the lipid content of the submicron-reconstitute preliposome-lyophilate. 



10. A method of preparing submicron liposomes from lyophilate 
comprising introducing surfactant into liquid to be lyophilized prior to said 
lyophilization. 

1 1 . The method of claim 10 wherein said surfactant is anionic, 
cationic or nonionic. 



1 2. The method of claim 1 1 wherein said surfactant is nonionic. 

13. The method of claim 12 wherein said surfactant is a Tween 
surfactant. 



14. The method of claim 13 wherein said surfactant is Tween 20. 

15. The method of claim 14 wherein said surfactant comprises from 
about 4 mole % to about 2 mole % of the lipid content of the submicron- 
reconstitute preliposome-lyophilate. 

16. The method of claim 10 wherein said surfactant comprises from 
about 4 mole % to about 0.1 mole % of the lipid content of the submicron- 
reconstitute preliposome-lyophilate. 

17. The method of claim 16 wherein said surfactant comprises from 
about 4 mole % to about 2 mole % of the lipid content of the submicron- 
reconstitute preliposome-lyophilate. 

18. A method of restricting liposomes to less than anout 400nm 
when formed by reconstitution of material comprising a lipid forming agent, 

the method comprising introducing a surfactant into said 
material prior to, or at the time of, reconstitution. 



1 9. A sterically antigenicity-hindered liposome. 



20. The liposome of claim 19 comprising a steric-hindering agent. 

21 . The liposome of claim 20 wherein the steric-hindering agent is a 
nonionic surfactant. 

22. The liposome of claim 20 wherein the steric-hindering agent is a 
Tween surfactant. 

23. A pharmaceutical composition, comprising an anthracycline 
compound having the formula 
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encapsulated in a liposome; where one of X and X' is hydrogen and the other 
is halogen; one of Y and Y' is hydrogen and the other is selected from the 
group consisting of hydrogen, hydroxy, and -OCOR; one of Z and Z' is 
hydrogen and the other is selected from the group consisting of hydrogen, 
hydroxy, and -OCOR; where R is alkyl having approximately 1-6 carbon 
atoms; where the liposome comprises at least one lipid and a nonionic 
surfactant, and where the weight ratio of the anthracycline compound to the 
nonionic surfactant is between approximately 0.5:1 and approximately 3:1. 



24. The composition of claim 23, where the surfactant comprises a 
polyoxyethylene sorbitan carboxylate, and where the carboxylate portion of 
the surfactant molecule has between approximately 2 and approximately 25 
carbon atoms. 

25. The composition of claim 23, where the surfactant comprises a 
polyoxyethylene sorbitan monolaurate. 

26. The composition of claim 23, where the weight ratio of the 
anthracycline compound to the nonionic surfactant is approximately 1:1.7. 

27. The composition of claim 23, where the liposome comprises the 
lipids dimyristoyl phosphatidyl choline and dimyristoyl phosphatidyl glycerol 
in a molar ratio of approximately 7:3. 

28. The composition of claim 23, where the anthracycline 
compound is annamycin. 

29. The composition of claim 23, where the weight ratio of the 
anthracycline compound to lipid is between approximately 1 :40 and 
approximately 1 :100. 

30. A pharmaceutical composition, comprising annamycin 
encapsulated in a liposome, where the liposome comprises at least one lipid 
and a nonionic surfactant, where the surfactant comprises a polyoxyethylene 
sorbitan monolaurate, and where the weight ratio of annamycin to surfactant 
is between approximately 0,3:1 and about 3:1. 

31 . The composition of claim 30, where the weight ratio of the 
annamycin to surfactant is approximately 1:1.7. 



32. An aqueous/t-butanol solvent-system, facile-reconstitute, 
submicron-reconstitute, preliposome lyophilized powder composition, 
comprising an anthracycline compound having the formula 

0 

0 0H C-CH 2 0H 

a, q /qh 



0 


OH g 


Z / - 


- a 


vCH 3 




■\Y 




T N 




Y' 


X' 



, at least one lipid suitable for forming a liposome when hydrated, and a 
nonionic surfactant; where one of X and X 1 is hydrogen and the other is 
halogen; one of Y and Y' is hydrogen and the other is selected from the 
group consisting of hydrogen, hydroxy, and -OCOR; one of Z and T is 
hydrogen and the other is selected from the group consisting of hydrogen, 
hydroxy, and -OCOR; where R is alkyl having approximately 1-6 carbon 
atoms; and where the weight ratio of the anthracycline compound to the 
nonionic surfactant is between approximately 0.3:1 and approximately 3:1. 

33. The composition of claim 32, where the surfactant comprises a 
polyoxyethylene sorbitan carboxylate, and where the carboxylate portion of 
the surfactant molecule has between approximately 2 and approximately 25 
carbon atoms. 

34. The composition of claim 32, where the surfactant comprises a 
polyoxyethylene sorbitan monolaurate. 



35. The composition of claim 34, where the weight ratio of the 
anthracycline compound to the nonionic surfactant is approximately 1:1-7. 



36. The composition of claim 32, where the composition comprises 
the lipids dimyristoyl phosphatidyl choline and dimyristoyl phosphatidyl 
glycerol in a molar ratio of approximately 7:3. 

37. The composition of claim 32, where the anthracycline 
compound is annamycin. 

38. The composition of claim 32, where the weight ratio of the 
anthracycline compound to lipid is between approximatelyl : 40 and 
approximately 1 :100. 

39. A preliposome lyophilized powder composition, comprising 
annamycin, at least one lipid suitable for forming a liposome when hydrated, 
and a nonionic surfactant, where the surfactant comprises a polyoxyethylene 
sorbitan monolaurate, and where the weight ratio of the compound to the 
surfactant is between approximately 0.3:1 and approximately 3:1. 

40. The composition of claim 39, where the weight ratio of 
annamycin to surfactant is approximately 1 :1 .7. 

41. A method of preparing a facile-reconstitute, submicron 
reconstitute, preliposome lyophilized powder composition, comprising the 
steps of 

(a) preparing a first solution consisting essentially of an anthracycline 
compound having the formula 
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and dimethyl sulfoxide; where one of X and X' is hydrogen and the 
other is halogen; one of Y and Y' is hydrogen and the other is selected 
from the group consisting of hydrogen, hydroxy, and -OCOR; one of Z 
and T is hydrogen and the other is selected from the group consisting 
of hydrogen, hydroxy, and -OCOR; where R is alkyl having 
approximately 1-6 carbon atoms; 

(b) preparing a second solution comprising at least one lipid, t-butyl 
alcohol, and water; 

(c) preparing a third solution by combining the first solution and the 
second solution in the proportions needed to provide the desired ratio 
of lipid to anthracycline compound in the final composition; 

(d) adding to the third solution a nonionic surfactant in an amount that 
provides a ratio of anthracycline compound to surfactant in the final 
composition of between approximately 0.3:1 and approximately 3:1; 

(e) sterilizing the solution by filtration; and 

(f) freezing and lyophilizing the solution. 

42. The method of claim 41 , where the second solution comprises 
the lipids dimyristoyl phosphatidyl choline and dimyristoyl phosphatidyl 
glycerol in a molar ratio of approximately 7:3. 



43. The method of claim 41 , where the surfactant comprises a 
polyoxyethylene sorbitan carboxylate, and where the carboxylate portion of 
the surfactant molecule has between approximately 2 and approximately 25 
carbon atoms. 

44. The method of claim 41, where the surfactant comprises a 
polyoxyethyiene sorbitan monolaurate. 

45. The method of claim 44, where the weight ratio of the 
anthracycline compound to the nonionic surfactant is approximately 1:1.7. 

46. The method of claim 41 , where the anthracycline compound is 
annamycin. 

47. The method of claim 41, where the weight ratio of the 
anthracycline compound to lipid is between approximately 1:40 and 
approximately 1 : 1 00. 

48. A method of preparing a preliposome lyophilized powder 
composition; comprising the steps of 

(a) preparing a first solution consisting essentially of annamycin and 
dimethyl sulfoxide; 

(b) preparing a second solution comprising at least one lipid, t-butyl 
alcohol, and water; 

(c) preparing a third solution by combining the first solution and the 
second solution in the proportions needed to provide the desired ratio 
of lipid to annamycin in the final composition; 

(d) adding to the third solution a nonionic surfactant in an amount that 
provides a ratio of annamycin to surfactant in the final composition of 



between approximately 0.3:1 and approximately 3:1, where the 
surfactant comprises a polyoxyethylene sorbitan monolaurate; 

(e) sterilizing the solution by filtration; and 

(f) freezing and lyophilizing the solution, 

49. The method of claim 48, where the weight ratio of annamycin 
to surfactant is approximately 1:1.7. 

50. A method of inhibiting the growth of tumor cells, comprising 
administering to a mammal an effective amount of the composition of claim 
23, 24, 25, 26, 27, 28, 29, 30, or 31. 

51. A aqueous/t-butanol solvent-system, faciie-reconstitute, 
submicron-reconstitute preiiposome-lyophilate, further comprising a bioactive 
agent. 



ABSTRACT OF THE INVFMTIOM 
This invention provides an aqueous/t-but3nol solvent-system, facile 
reconstitute, submicron-reconsitiute preliposome-lyophilaye and method of its 
preparation and use. 

In one embodiment this entails a modified method for the preparation 
of a submicron and stable liposome formulation of the non-cross-resistant 
anthracycline Annamycin is described. The optimal lipid composition was 
DMPC:DMPG at a 7:3 molar ratio and the optimal lipid:drug weight ratio 
50:1 . The selected formulation is a preliposome lyophilized powder that 
contains the phospholipids, Annamycin, and 1 .7 mg Tween 20 per mg of 
Annamycin. The liposome suspension is obtained on the day of use by 
adding normal saline at 37°C (1 ml per mg Annamycin) and hand-shaking for 
one minute. The presence of Tween 20 is essential in shortening the 
reconstitution step (from >2 hours to 1 minute), avoiding the early formation 
of free drug crystals, and reducing the median particle size (from 1.5 //m to 
0.1 5-0.20 fjm) without destruction of the liposome vesicles. The chemical 
stability of the preliposome powder at room temperature was >3 months 
and the chemical and physical stability of the liposome suspension at room 
temperature >24 hours. The in vitro cytotoxicity of the formulation was 
equivalent to that prepared by the standard evaporation method. The results 
of the study indicate that small amounts of surfactant may be used to 
enhance the reconstitution step and reduce the liposome size of lyophilized 
liposome formulations of lipophilic drugs. 
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PATENT 

DECLARATION 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or the below named 
inventors are the original, first and joint inventors (if plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled "Submicron Liposome Suspensions Obtained from 
Preliposome Lyophilizates" the specification of which: 

is attached hereto. 

X was filed on June 6, 1995 as Application Serial No. 08/468,791. 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims. 

I acknowledge the duty to disclose to the Patent and Trademark Office all information known to me to be 
material to patentability of the subject matter claimed in this application, as H material ity" is defined in Title 37, 
Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign 
application(s) for patent or inventor's certificate listed below and have also identified below any foreign application 
for patent or inventor's certificate having a filing date before that of the application on which priority is claimed: 

PRIOR FOREIGN APPLICATION(S) Priority 

Claimed 

Yes/No 

(Number) (Country) (Date Filed) 



Yes/No 

(Number) (Country) (Date Filed) 

I hereby claim the benefit under Title 35, United States Code, § 120 of any United States applications) 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States application in the manner provided by the first paragraph of Title 35, United States Code, § 112, I 
acknowledge the duty to disclose all information known :o me to be material to patentability of the subject matter 
claimed in this application, as "materiality " is defined in Title 37, Code of Federal Regulations, § 1.56, which 
become available between the filing date of the prior application and the national or PCT international filing date 
of this application: 



(Application Serial No.) (Filing Date) (Status) 

I hereby direct that all correspondence and telephone calls be addressed to Kenneth D. Goodman, Arnold, 
White & Durkee, P.O. Box 4433, Houston, Texas 77210 (713) 787-1400, attorneys for the prospective assignee 
of this application. 

I hereby declare that all statements made of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and farther that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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Date: Pnuntrynf Citizenship: V-R-CM** 



Residence Address: 



\L0Hft U Heusio* , TX llo^sr . USA 
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Inventor's Full Name: Waldemar 



Inventor's Signature: 



Date 



Residence Address: 



Priebe 



(First) 




(Initial) 



(Last) 



Country of Citizenship: 



(Include number, street name, city, state, and country) 



Post Office Address: 
(if different from 
residence address) 
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Perez-Soler 
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Residence Address: 
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IN THE I TED STATES PATENT AND TRADEMA . OFFICE 



In re Application of: Yiyu Zou et al. 



Group Art Unit: 



Serial No.: 08/468,791 



Examiner: 



Filed: June 6, 1995 



Attorney Docket No.: UTSC414/GOO 



For: Submicron Liposome Suspensions Obtained 
from Preliposome Lyophiiizates 



ELECTION UNDER 37 C.F.R. §§ 3.71 and 3.73 
AND POWER OF ATTORNEY 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



The undersigned, being Assignee of the entire interest in the above-identified application by virtue of an 
Assignment recorded in the United States Patent and Trademark Office as set forth below, hereby elects, under 37 
C.F.R. § 3.71, to prosecute the application to the exclusion of the inventor(s). 

The Assignee hereby revokes any previous Powers of Attorney and appoints Louis T. Pirkey, Reg. No. 
22 393; David L. Parker, Reg. No. 32,165; Melinda L. Patterson, Reg. No. 33,062; and Kenneth D. Goodman, 
Reg. No. 30,460, each an attorney with the law firm of ARNOLD, WHITE & DURKEE, as its attorney so long 
as they remain with such law firm, with full power of substitution and revocation, to prosecute the application, to 
make alterations and amendments therein, to transact all business in the Patent and Trademark Office in connection 
therewith, to receive any Letters Patent, and for one year after issuance of such Letters Patent to file any request 
for a certificate of correction that may be deemed appropriate. 

Pursuant to 37 C.F.R. § 3.73, the undersigned has reviewed the evidentiary documents, specifically the 
Assignment to Board of Regents, The University of Texas System referenced below, and certifies that to the best 
of my knowledge and belief, title remains in the name of the Assignee. 

Please direct all communications as follows: 



X Enclosed for recording 

Previously recorded 

Date: 

Reel: 

Frame : 



Kenneth D. Goodman 
ARNOLD, WHITE & DURKEE 
P. O. Box 4433 
Houston, Texas 77210^433 
(713) 787-1400 




ASSIGNEEvBoard of Regents, The University of Texas System 




ASSIGNMENT: 
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